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Abdtract: In this work, we have investigated the effect of a 30-min thermal anneal at 550°C on the electrical characteristics
of neutron-irradiated 4H-SIC MOSFETs. Therma annealing can recover the on/off characteristics of neutron-irradiated
4H-SIC MOSFETs. After therma annealing, the interface-trap density decreased and the effective mobility increased in
terms of the on-characteristics. This finding could be due to the improvement of the interfacid state from thermal annealing

and the reduction in Coulomb scattering due to the reduction in interface traps. Additionaly,

in terms of the

off-characteristics, the thermal annealing resulted in the recovery of the breakdown voltage and leakage current. After the
thermal annealing, the number of positive trapped charges a the MOSFET interface was decreased.

Keywords: 4H-SiC, Neutron irradiation, Thermal annealing, DMOSFET

1.ME2

= “o“ﬂﬂ% 5}9}%*(8107} ‘ﬂﬁ oIA] 3(wide
band-gap, ~3.26 eV)Z 7Ix|= A2 7|&9] e
=49 RS BEE & e 24z g
o SiCe AgE(Si)a &4(C)Y &
17] ool AR At o

& A3
gexoz obgstel we MY WS shA|

a. Corresponding author; smkoo@kw.ac.kr

Copyright ©2018 KIEEME. All rights reserved.

This is an Open-Access aticle distributed under the terms of the Creative Commons
Attribution  Non-Commercid  License  (http:/crestivecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercid use, distribution, and reproduction in any
medium, provided the origind work is properly cited.

ZoM e FAo] 7hsste] AR} - AL &5 FoF T
Aol AfE= AMY 5o A& 7hesith 218
iICE o] &3h 4%t a&s =017] sl gdet A+
7idho] AlSiE] v Qlct [1-10].

TuAA E70)N 24 AlhE YhEA|(metal-oxide-
emiconductor field effect transistor, MOSFET) A&

n

'_.

Atol dste A 545 271 Hdl, S/ AHneutron)
o} Y/dAHproton)7t ZEATE|lS of, PreAl 24 A

AAto] UX]= 5/ Ao #eh Ayt &ds] A1sy
=l 9tk ZAAIE ZALE|H MOS 1% interface
trap¥} oxide-trap charge?l A/d%]1, IR RATE
W gubd Agto] ARt [11,12]. 22y o2t 2t
3} interfacial state®] AMA|gE A= BESE AXo|ct,
ohata 2 HlofAl= 4H-SiC DMOSFETO]| £4AHS



A7 1RAR B etel=2A], AI3LE A4 pp. 198-202, 20181 54: olEhY 5 199

ZAE &, Alo]E AS}eto] interface trapi} oxide-
rap charge®| @/dg =Rlstil, FA2E &sto] 45
78t cE ARFe] 28 A QHthreshold voltage)it 4
KZ(leakage current), st X breakdown voltage),
S48 o]z Z(effective mobility)?] &91& &3l A7|A &
ol R e SHlstaC,

2. A3 umy

N-type 4H-SiC 7]ZHNp=5%10"® cm?®)o] Eajme
Z(drift layer, Np=~5x10" cm™)2 6 um A4&A171 ¢

s
FYue 55 P-well Fn Neagol, Prejojel £33
=2 717F ~3x10Y/cmiy ~1%10"%/cm®, ~1%10'%/m®
o2 gAsteict AR DMOSFET-S 1,700°CoflA] N2O
EA7I0IA 1207 S9F AlolE AR AdRAIZAL,
S0} SiIC AW S5 7HAst] #fsi 1,1757CollA
1803 £t 54 AA2S of ZQrh axe =2ol A
=2 YZ(Ni) 100 nmS e-beam evaporation® =z &
43t S, 950°CollAl Ny 29171014 Q0% &9 w4 AA|
2](rapid thermal annealing, RTA)sto A3 "=
(ohmic contact)2 FAFIYTH FAR ZAF: AFeo|
A 3.1x10'° n/cm’e] 712 60% EOF dt2 Yt
A€ (Korea Atomic Energy Research)9] sz
(Advanced Neutron Application Reactor)& ©]&35}
o ZF4A ZAME AIR¥stith. opr|eto =, A|AME

DMOSFETS 550°Coll4 308 Set dxjajstol 34xt
x4 3 AAeEA oo antet A2 4L bl
stoich. A aAte] wge o

ante] 718 54

ol5t7] el SIMS &

—
qg S, 2 i - BAs] 9

Fig. 1. Schematic view of the fabricated 4H-SiC.
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Fig. 2. SIMS measurements of the fabricated 4H-SC DMOSFETSs.
The doping concentration of the phosphorus was increased after the
neutron irradiation: (a) reference and (b) post-neutron irradiation.
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Fig. 3. Transfer characteristics of the DMOSFETs after the
neutron irradiation and thermal annealing. The inset shows the
log scale Ip-Vg curves.
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Fig. 4. Output characteristics of the SSIC DMOSFETs after the
neutron irradiation and thermal annealing.
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Fig. 5. Threshold voltage of the fabricated DMOSFETS after
the neutron irradiation and thermal annealing. The threshold
voltage was recovered after the thermal annealing.
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Fig. 6. The interface-trap density of the fabricated DMOSFETS
after the neutron irradiation and therma annealing, extracted
from C-V measurements.
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Fig. 7. Effective mobility of the carriers in the n-channel for
the SIC DMOSFETSs.
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Fig. 8. Off-characteristics of the SIC DMOSFETs before and
after the neutron irradiation. The breakdown voltage after the
thermal annealing is aso indicated.
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